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Summary

Background:
The purpose of this study was to define the diagnostic accuracy of mammography and ultrasound in the evaluation of male breast disease, and to suggest a diagnostic protocol for male breast disease. Material and Methods: We retrospectively reviewed clinical, radiographic, and pathologic records of 75 patients. Breast Imaging Reporting and Data System (BI-RADS) category 4-5 mammograms and ultrasonograms were suggested as suspicious for malignancy. Results: Of the 75 patients, 23 (31%) were considered to have suspicious lesions by mammography and/or ultrasonography. 13 of the patients were shown to have breast cancer. The remaining 52 (69%) were referred for biopsy by clinicians; all of the biopsy specimens were benign (gynecomastia). The accuracy data of mammography and ultrasonography are: sensitivity, 69 and 100%; specificity, 87 and 97%; positive predictive value, 53 and 87%; negative predictive value, 93 and 100%; and accuracy, 84 and 97%, respectively. Conclusion: We suggest a new diagnostic algorithm for the evaluation of male breast disease in which ultrasonography may be used to evaluate palpable abnormalities as the first diagnostic tool of choice. To use and to trust imaging would decrease the number of falsepositive biopsies that would be generated by physical examination alone.
Introduction
The incidence of breast cancer in men is much lower than in women, comprising about 1% of all breast cancers [1] . Between 1973 and 2000, the incidence of male breast cancer rose from 0.85 to 1.3 per 100,000 men; in the same time period, the incidence of female breast cancer increased from 98 to 135 per 100,000 [2, 3] . Gynecomastia is much more common in men than breast cancer; in one series, 57% of the male population over 44 years of age had palpable breast tissue [3, 4] . Therefore, differentiation between benign and malignant masses is critical. Although mammography has been defined as the firstline diagnostic tool of choice in female patients, the utility of mammography in male patients with breast symptoms has not been established. Indeed, some clinicians ask 'When should men undergo mammography?' [5] . Some clinicians propose that mammography adds little diagnostic information to the clinical evaluation (the history and physical examination) [1] . This study was based on mammographic and ultrasonographic (US) findings of 75 histopathologically proven male patients. The purpose of this study was to define the diagnostic value of mammography and US in the evaluation of male breast disease, and to suggest a diagnostic protocol for male breast disease.
Materials and Methods
Between January 1999 and December 2008, mammography and US were performed in our Mammography Unit on 164 male patients, 75 of whom underwent biopsy. In this study, 75 histopathologically proven male patients were retrospectively evaluated. Institutional Review Board approval was obtained prior to commencement of the study. Individual patient informed consent for this retrospective study was not required. The clinical and pathologic records of these patients were reviewed from the archive system of our hospital. The data, including questionnaires, mammograms, US prints, and reports, were recorded and archived in the Mammography Unit. All of the patients were first seen by clinicians and then referred for mammography. Mammography was performed using a Senographe 700 T (General Electric Medical Systems, Milwaukee, USA). The standard mammographic views (craniocaudal and mediolateral oblique) of each breast were routinely obtained. Magnification and spot compression views were also used as deemed necessary.
Mammograms were read in a blinded fashion by 2 radiologists with experience in breast imaging of 2 and 10 years. The radiologists examined each mammogram independently and made a diagnosis based on the American College of Radiology BI-RADS (Breast Imaging Reporting and Data System) lexicon [6] . Mammograms were reviewed for the presence of gynecomastia and masses (shape, margin, density, size, and location), morphologic characteristics, distribution of calcifications, and associated findings such as skin, nipple, or pectoralis muscle involvement. Discordant mammographic interpretations were subsequently resolved by consensus of the 2 radiologists. BI-RADS 1, 2, and 3 were negative, benign, and probably benign, respectively. Gynecomastia was suggested as BI-RADS category 2; BI-RADS 4 and 5 were suspicious and highly suggestive of malignancy, respectively.
US was performed using high-resolution ultrasound equipment (GE Logiq S6, General Electric Medical Systems; Sonoscape SSI-2000 BW, Shenzhen, China; Mindray DP-9900, Shenzhen; or Toshiba Sonolayer SSA-270A, Tokyo, Japan) with 8-12 MHz, 5-13 MHz, 6-8.5 MHz, and 7.5 MHz transducers, respectively by 1 of 10 attending radiologists in breast sonography. In the case of a mass, the type of lesion (solid, complex, cystic, or pure cystic), the location, size, echogenicity, contour, and acoustic features were evaluated, and the presence of axillary lymph nodes was noted. The sonographic findings were categorized into 4 groups: (A) gynecomastia; (B) negative, if no discrete abnormality was found; (C) a cystic mass; and (D) a solid mass. Groups A, B, and C corresponded to the current American College of Radiology Ultrasound BI-RADS [7] categories 1-3, and group D to BI-RADS 4 and 5. The BI-RADS 4 and 5 mammographic and US assessments were considered suspicious for malignancy and recommended for biopsy. Mammography of BI-RADS categories 1-3 were considered negative if no solid mass was found on US. Negative sonograms and simple cysts were considered negative sonographic findings.
Confirmed tissue diagnoses were obtained with 71 surgical specimens (18 mastectomies and 53 excisional biopsies) and 4 fine needle aspirations (FNA). All of the cases in which FNA was performed were diagnostic. Tissue diagnoses were confirmed by 1 pathologist with 20 years of experience. Sensitivities, specificities, and positive and negative predictive values were calculated using the following formulas [8]: sensitivity (Sn) = TP/TP+FN; specificity (Sp) = TN/TN+FP; positive predictive value (PPV) = TP/TP+FP; negative predictive value (NPV) = TN/TN+FN; and accuracy (Ac) = TP+TN/TP+TN+FP+FN. TP is the number of true positives, TN is the number of true negatives, FP is the number of false positives, and FN is the number of false negatives.
Results
The age range of the patients in the study was 13-81 years, with a mean of 45.2 years. The presenting symptoms were diffuse bilateral or unilateral breast enlargement without a palpable mass in 21 patients (28%), a mass or thickening in 59 patients (79%), and pain in 19 (25%) of the patients. Some of the patients had more than 1 symptom.
In our series, there were 13 cases of male breast cancer. Their ages ranged between 38 and 81 years (mean, 59.7 years). Histopathologically, the size of the masses ranged between 0.5 and 5 cm (mean, 2.4 cm), and metastases to axillary lymph nodes existed in 5 patients. A previous contralateral breast carcinoma was present in 1 case, and prior irradiation of the chest was present in another case due to lung cancer. In 1 case, 8 years after surgery, an ipsilateral breast cancer had relapsed.
On mammography, 54 patients (72%) were categorized as BI-RADS 1 and 2. Histopathologically, in this group, breast carcinoma was found in 2 patients ( fig. 1 ) and gynecomastia in 52 patients. Four patients (4%) were considered to have BI-RADS 3, and pathologically 2 breast carcinomas, 1 fibroadenoma, and 1 epidermal inclusion cyst were demonstrated. The pathologic results for the 17 men categorized as mammography BI-RADS 4-5, were breast carcinomas in 9 patients, fibrocystic disease of the breast in 2 patients, and gynecomastia in 6 patients (table 1). A mass with microcalcifications was seen on mammography in 1 case (9%). The location of the masses was retroareolar in 7 patients (64%) and eccentric to the nipple in 4 patients (36% were irregular in 9 patients (82%; fig. 2 ), and well-circumscribed in 2 patients (18%).
On US, 55 patients (73%) had BI-RADS 1 and 2 and the pathologic diagnosis was gynecomastia in all patients. Five patients who were classified as BI-RADS 3 were histologically proven to have gynecomastia (3 patients) and fibrocystic disease of the breast (2 patients). Among the 15 patients with suspicious ultrasound features, histological assessment demonstrated 13 breast carcinomas, 1 fibroadenoma and 1 epidermal inclusion cyst (table 2). The mammographic and US BI-RADS categories are demonstrated in table 3.
Twenty-three (31%) of the 75 patients were considered suspicious by mammography and/or US; all of the patients underwent biopsy (13 mastectomies, 8 excisional biopsies, and 2 FNA). Thirteen patients were found to have breast cancer (invasive ductal carcinoma) pathologically. The remaining 10 biopsy results were benign, including diagnoses of gynecomastia (6), fibroadenoma (1), epidermoid inclusion cyst (1), and fibrocystic disease of breast (2). Fifty-two (69%) of the 75 men were referred for biopsy (5 mastectomies, 45 excisional biopsies, and 2 FNA) by clinicians because of esthetic reasons (5 patients), abnormal palpation (44 patients), or suspected invasion by known primary malignancies (3 patients). All of them were benign, and the diagnosis of 52 patients was gynecomastia. On mammography, all of them were reported as gynecomastia; 24 patients had the nodular type, 15 patients had the dendritic type, and 13 patients had diffuse-type gynecomastia and no suspicious lesions were demonstrated.
The accuracy data for mammographic BI-RADS 4 and 5, BI-RADS 3, 4, and 5 (when mammographic BI-RADS 3 findings, such as well-circumscribed lesions, are considered as suspicious), and sonographic BI-RADS 4 and 5 are summarized in table 4. 
Discussion
In the middle-aged adult male population, breast tissue is palpable in 30% or more, and with advancing age, the presence of palpable breast tissue increases to 60% or more by the 7th decade [9] . Gynecomastia is one of the most common male breast complaints [1-4, 9, 10] . Although rare and accounting for less than 1% of all breast cancers, the incidence of breast carcinoma in men has increased, as in women [1, 2] . Breast cancer in men must be differentiated from benign breast diseases. A proven appropriate algorithm for the evaluation of male breast disease has not been defined.
In our series, the most common mammographic finding was gynecomastia, as in other reports [10] [11] [12] . Gynecomastia has been described to be co-existent with breast cancer and obscure it [12, 13] . In our study, on mammography, 11 of 13 masses (85%) were demonstrated (9 as BI-RADS 4 and 5, and 2 as BI-RADS 3). Gynecomastia existed in 3 breast cancers (23%). One of our cases of cancer was masked by gynecomastia, even in retrospect ( fig. 1) . The other missed mass belonged to the patient who had ipsilateral breast cancer, and it was demonstrated only on US. The size of that mass was 0.5 cm and because of the prior operation, mammography could not be performed on that patient successfully.
In our series, the findings about the location and the contour of the masses and the nipple changes are concordant with previous reports by Gunhan-Bilgen et al. [10] and Mathew et al. [14] . As described in the literature, it is very important that well-circumscribed masses should be considered with suspicion in men because they can be cancer [10, 11, 14, 15] .
All tumors were ductal in origin, as in the literature. In our series, there was a case who had ductal carcinoma in situ (DCIS) of the papillary subtype associated with invasive carcinoma and he had lobulated masses on mammography and US. There were no cases of pure DCIS. The reason why we had no cases of pure DCIS might be the late evaluation for breast masses. Pure DCIS in men without an associated infiltrating carcinoma is less common in the literature (2.3-17%) [10, 16, 17] . Compared with DCIS in the female breast, distinct clinical and morphologic differences have been suggested. The two most characteristic symptoms described for DCIS in men are a slowly-growing subareolar mass and serosanguineous nipple discharge, whereas the typical feature of DCIS in women involves microcalcifications [16] . However, in cases where the only feature of DCIS in men is microcalcifications, although it is extremely rare, making a diagnosis with US alone results in some misdiagnoses. In our study, 1 patient had a fibroadenoma and corresponded to BI-RADS 3 on mammography. Because of the solid character on US, it was considered suspicious for malignancy. Two of our patients had fibrocystic diseases of the breast pathologically. On mammograms, both of them had diffuse gynecomastia and local architectural distortion, which corresponded to BI-RADS 4. On US, local ductal dilatations were demonstrated. Fibroepithelial lesions are uncommon in the male breast. Fibroadenomas are very common in female breasts, but are exceedingly rare in the male breast [18] .
In our series, masses were visible in 100% of patients with cancer by US. In cases with negative US, no cancer was found; however, 2 carcinomas were found in the patients with mammography BI-RADS category 3, and 2 cancers were found in categories 1 or 2 pathologically. Cases of carcinoma found by US that were obscured on mammography by gynecomastia have been described previously [10, 11] . In the literature, reports of US evaluation of male breast disease are limited and mostly descriptive [10, 11, 17] . US was the most sensitive indicator for breast carcinoma in our series, with better sensitivity and specificity than mammography, even if we evaluated BI-RADS 3 category as suspicious. The NPV of 100% for US suggests that sonograms read as normal or negative need no further examination if the clinical findings are not suspicious. There were several limitations to our study. It was a single institution data set, and the patients were retrospectively reviewed. US was performed after mammography. Also, the number of patients was small.
In conclusion, US is a low-cost, accurate, diagnostic modality, and can be used to differentiate benign and malignant processes of male breast disease. The sensitivity, specificity, and accuracy of US were satisfactory and superior to mammography. US can reliably identify male breast malignancy. However, the number of patients in our study was not sufficient to make a definitive recommendation to exclude mammography in the diagnosis of male breast disease. US may be used to evaluate palpable abnormalities of the male breast as the first-line diagnostic tool of choice. When US findings are suspicious, tissue diagnosis is performed. Mammography is used when US findings are indeterminate. If mammography findings are suspicious or indeterminate for malignancy, tissue diagnosis is recommended. We suggest a new preliminary diagnostic algorithm; however, a new protocol should be evaluated by further studies. A reliable and proven diagnostic approach will decrease the number of false-positive biopsies that would be generated by physical examination alone.
